Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080024-6

blem COXlCeInlng the LOweI':LnP, Of H}rdx Ogenxs Qver Volbag’ée

oy

Mo Ao Loshkarev and A. Me 0zeroV

urnal Pr i istry_f
fsiol imi / £ Applied Chemistry_
ikle himd /[ J ournal ol A ;
Zhl 2?1 Nollglaﬁpoz';?—éOB , Russian (article) Mo PeTs un
Vo I 3

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 - GIA-RDP82-00039R000200080024-6



Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080024-6

OVERVOWTAGE
LOdaLE . S sg-ranhekon T HYDROGEN
7y

Mo 4. Loshkarev and L. li. Ozerov

A creat number of studies has been devoted to investizabting

possibilities of changing the discharze specd consbant in hydrogen,

and consequently, the possibdlity of changing the 111‘1;&:}6. ty of its

o\/e,r\/,oH:atr’f& . . . ) . . ;
supertensiol daring electrolysis. Among these studies, the mosl

interesting “rom the applied point of view are those dealing with
the ef ect of the materiul and structure of the electrode surface
on the k tics of the electrode process. Thus, for instace,
Stender ond Fecharskaya [(L1)], studying the separation of hydrogen
in the presence of technolopical current density on a series of
metals and alloys, estavlished the possibility of = sharp drow in
the supertensl on Ly applying tun; ten and tun_ sten-—=nicikel cathodes.

Posi tive resulis from the use ol alloys were noted also by other

authors. Kabanov and sosentsveyy [2] discovered the relation beb-
ween hydro:en supertension and the content of fixed oxy.en on the
surface oi iron electrodes. #nd find ly, the res rch on hydrogen
supertension on metal electrodes with a hizhly developed surfaces
(metalloceranics and powders) conducted vy Kuzmin [3] (iron),
wurtazaev [L] (cobalt) and Heybak [5] (copper), indicate great
possivilities of lowering supertension by the use of highly dis-

persed materials as cathodes.

T4 seems to us that the grestest practical interest is pre-
sented by research directed toward a choice of cathode material
by means of a systematic study . of hydrogen supertension on dis-

persed elecbrodes obtal ned o}/ different methods and from differ-

e e - : o ) ;
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ent mevals and alloys.

Tn our precedin: ¥ we were abile to esbawlish [6] the 2

bagic conditions for the electrolytic producy., on ox highly dispersed

w
woro and poly-cuiponent catnode metel precipitates. rhe zoal ol §

this work was to esbablish an indusvrial method of" obtaini metels |

and &l Loys in powder form for metalloceran.cs, cavalysts and cenen~

ting materials in hydroel ectromebal Lursy .

igh purity, dispersion ad the high chemical activity of the

products obtained gave rise to the assumption that their utilization

as cabhode matorial might lead to a sharp increase in the speed of

the same bime, the method reconmended by ‘

hydrogen dischaiic.

of dispersed

us for the electrolytic preci

metals and ailloys over compact electrodes, may easily be carried

out with existine devices and tnerefore does not entail sreat ex-

8
Ba

Led the kinetics oi tne se-

pense, In this o mection we invest!
saration of gydrogen on elecirolytically obbained, dis rerged pre-
£ i X J b 3

cipitates of Ag, PL, Cu, i, Sn, ki and se.

iLAL PART :

Txperimental method

The precipitates to be studied were prepared by means of

electrolytic separztion of the etals on a Pt-electrode. The com-

position of the electrolytes and the current densities are shown in

the production of dispersed precipitates,

Table 1. Initially, duri

a layer of compact mebal coated the platinum electrode, then, with

the maximum current density of di

current densities surpassi
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(Dyax), the powder preci vated, ‘the value of Dy, W08 previously
compuied according Lo the equabion corvesponding to the maximum di-
ffus on gpeed of the discharged ions, and was then verified experi-
mentelly, Ulor the grecipitation of bi-conponent dispersed ) stens,

glectrolysis wes conducted with current densities higner than the

value ol Dmay in order to ouvtain a more posi.tive metel.,
1ax

'he amount o precipitated powder wis the same in all insten-

ces, 'The duration of electrolytic precipitave coating was determined

from the relation Dy = S, wad 2 ed 0.008-0,CL,

COUDTLTONS #0R $H riwCl TEavion OF

SorhLs AN sLICURLCAL CakaCisY

(1] (3] {4
Precipitate Tlectrolyte Composition Current Density Elecurical
(in ma/cm2) Cupacity

(in n¥F/cn?)

Compact Cu 0.1 n. Cus0 1 n. I 80

Powder Cu Same

Compact Ag 0.005 n. Nahg(CW)

Powder Ag Same

Compact Wi 0.1 n. NiSO0 20 g/1 (1H )SO
10 g/1 NaCl

Powder Ni Same

Compact Pt Smooth Commercial Platimum

" powder PU wlectrolite, Platinated

According to Mislovitser
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(1]

Compact Bi

Powder bi

Compact I'e

Powder Fe

Compect Sn

Powder Sn

Powder Fesli

Powder Cu+igy

Powder He+4lu

Powder Sn+Cu

[2]

1 n, (CH OHCH SO ) Bi

Same

0.1 n. Tes0 20g/L (NH ) SO
10 g/1 Natl

Same

0.2 n, SnS0 1 n, H 80 0.3
z/1 dipherylamine 0.75 g/l
naphtnol

0.2n 5080 1n, H3S0 13z/1
selatin

(0.1 n. %80 0,02 n., WisS0 )
20 z/1(WH ) 50 10g/1 NaCl

(0.1 n., Cus0 0,02 n, Ag 50 )

(0.1 n. #S0 0.02 n, Cus0 )
20g/1(MH ) SO 10z/1 NeCl

(0.2 n, 8080 0.20uS0 ) 1 m.
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Dl =10

Dl =LL

Dy =l D, =100

Dy =10

D, =105 Dy=L00
Dy<l; D,=20

2

D1=L.5; Dy=10

(3+) Current from a L-volt Accumulator was used for five minutes

|IA-RDP82-00039R000200080024-6
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(1]

s/ cm?

0.25

0.50

1.00

2.00

L.00

6.00

8.00

10.00

(a]
Smooth

200 F

04350
0.479
0.5L5
0.590
0.6L3
0.667
0.682

0.691

(&)
Cu
]
Powder

1180 » F
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(Bl
Ag
[cl [d]
Smooth  Powder
ZOOiuLF 912 tLLF
0.332  0.232
0.523  0.380
0.558  0.L406
0.580  0.433
0.621 0.LL8
0.639 0.459
0.657 0.166
0.676 0.L70

YIELD ) ‘
POTENTIALS OF HYDHEOGEN SEPARATION ON

[2]

Table 2

COMPACT AND DISPERSED METALS (%)

Electrolyte in Sulphuric Acid

lel

Ni

[el
Smooth

50 uF

0.313
0.356
0.L10
0.L73
0.526
0.562
0.583
0.600

]
Powder

1025« F

0.377
0.378
C.37%
0.381
0.389
0.397
0.L13
0.418

[p]
Pt
[e] [n]
Smooth  Powder
10304 F

— 0.283
0.557 0.250
0.569  0.296
0.588  0.300
0.625  0.302
0.656  0.30L
0.680 = 0.306

[E]
Bi

(4]

Smooth

92 #F

0.800
0.860
0.895
0.932
0.952
0.962
0.970
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(31
Powcer

910 AF

0.620
0.7L5
0.782
0.813
0.83L
0.818

[F]

Sn

[x]
Smooth

35 uF

0.53h
0.550
0.830
0,87k
0.910
0.933
0.949

0.960

[1]
Powder

577 IF

0.537
0.541
0.578
0.78G
0.518
0.810
0.855
0.859

31

Electrolyte

22 percent KOH

{cl
Fe
[m] {=]
Smooth ~ Powder

1200 p+F

1.292  1.192
1.336  1.252
1.39%  1.278
1062 1.303
1.522 1.332
1.567 1.348
1.593 1.357
1.6l 1.366
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[1] (2] {31
(4] [B] [c] [o] [E] [F] fal
[a] [b] [el (4l [e] [l lel [n] [1] (3] [k] [1] [m] [n]

50.0 0.870 0.665  0.870  0.520  0.817  0.496 0.817  0.325 1.032  0.926  1.091  0.921  1.786  1.418
60.0 0.860 0.662  0.889  0.532  0.847  0.50k 0.83h  0.328 1.040  0.93F  1.126  0.930  1.801  1.L28
70.0 0.880 0.670  0.903  0.532  0.870  0.510 0.8L9  0.332 1.0h7  0.940 1.1k 0.93¢  1.816  1.:38
80.0 0.880 0.672 0.926 0.535 0.922 0.511 0.863 0.33hL 1.052 0.915 1.180 0.941 1.83h  1.hkS

90.0 0.890 0.675 0.5L1 0.9L8 0.516 0.878 0.337 1.057 0.951 1.197 .9L7 1.817 1.1h52

o
Nel
W
@

[e]

0.900 C.679 0.950 0.54h 0.97L 0.522 .892 0.3LC 1.060 0.9€0 1.220 .950 1.863 1.1:58

(%) Here and in Table 3 the values of I are given in relation to the potential of a normal calomel electrode (E=0.28) taken

as zerole
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(31
2]
¥l (el
" [B] [cl (D] (E] [ ] . .
‘ i j 1 m
" [c] [al [e] [l [&l [h] [i] il [x] [
[a] ] c

] 7 .372

0.682 0.7k 0.623  0.128 0.699  0.307 0.978  0.866  0.964 o.sz 1275 1;8
et - ' 8§  C.640  0.439 0.7Uy  6.308 0.983  0.870  0.912  0.872 . .
B o C.)‘ﬂ . 0.4l7 0.730  0.311 0.987  0.877  0.98h  0.877 1.671 1.38i
g o O.;OZ Z.f;i 0.649  0.451 0.740  0.312 0.990  0.880  0.992  0.881 1.681  1.385
18.0  0.733 0.61;  0.73 .L8L . 5

M - . M . . . .855 e -
20.0 0.7L3 6 0 0.486 0.670 0.456 0.7L9 0.313 0.993 0.883 999 [¢] 1.691 1.388
. A 0.620 758 48 7 5 1 8 e} 855 £ 8

. - . o + 000 ;G .00 fale) 1.6 1.391
22.0 0.753 0.62u 0.780 0.489 0.686 0.L16L 0.757 0.313 0.997 0,885 1.007 0.889 99 39.
o -{ ' ‘ . 0 313 .89C 1,018 0.891 1.7 W3
: 2L.0 0 0 628 800 0.l49 0.7C0 0.466 .765 0.31. 1.00 0.89 9. 706 92

. . O . 0.89 ) 894 1.716 1.3%
l ] 1y .00 07 1. 3

RItS) C.772 C. 0.89)
Y 2 .L92 . 115 Ly 3 T
26.0 0.780 0.632 0.820 0.49 0.7 0 9 [ 3 QC 8 29 8 &

8 0.78 63 825 193 0.72 0.4L7 0.778 0.3 1.005 . .038 0.896 o7 .
0.L9 720 1 O 0.897 3 9 2 1 395
20, . . s

¢ 14 0.78 3 . . Reint C.9C0 .13 <3
30.0 805 636 33 95 D T3 )75 78L ] 08 ). S0 6 X 7 95

iy 0D . . . . . . . . ). 912 1. oy
5 5 .78 7 3 913

0 0.850 7 0.8 0.50! s in 0.L87 0.798 0.322 1.02L 0.91 1.066 0 765 1.408

LO .8 0.4
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FTOURE 1

Device for the Determination of Polarization.
(1) Hydrsulic seal. (2) cut. (3) Haber.

0

(L) Cathode. (5) Anodes.

ihe measurements were made in an electrolyzer, siown in i
1, mase of a vlass vessel containing two Pl-anodes and of an electro-
lytically coated pt-Cathode with $=3 cmg. he hydrogen separution

potential wes measured in an L n. solution of HZSOM or in a 22 per-

cent solution of KOH (rhewical 1y pure). Lhe ends of the haver came

1

to botih sides the cathode and were vressed tightly a nst the
metel layer. The hab T, throu intermediate vessels was connected

with a normel calomel zlectrode - | serve &5 comparison electrode,

The measurements ol the potential (i) were mede by the direct
snsation mebhod witin the help of o Raps type potentiometer puilt
ne ftalon plant. The electrolyzer was pub in a vhermostat in wialch
& cons.ant temperature of 30%0.5 degrees ¢ rid as maelrbained

by an electronic relay.

flectrolytic hydrogen was piped to the electrolyzer from the
bottom. In ovder to insure a constant hydrogen atmosphere in the

instrument, the latter communicabed witih the oubside atmosphere only

o i . overvoltage , )

by way of hydraulic se The superten§lon measurements were made

daring a strictly constant mumber of stirring rod revolutions, This

was controlled by a voltmeter connected with the motor cleats.

Posether with the suwe rtension on measurements we determined

the electrolytic capacity of the cathode in proportion to its actual
y S y prog¢

surface, The capacity was measured upon polarization of the electrode

ed Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080024-6
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e 0,06-0.8 V. The method for capaclty neasurement was described

earlier.

'E)l:“hu»

19}

08 RESULLS

antoibatm Se}

he research data concerning nydrozen separation po‘ten'bials
in 1 on. HobO)y and 22 percent KOl solubions on compact metals: Pt, bi, i
Wi, Az, S0, Cu, Fe and their dispersed px'i.cj.'pita'bes , @8 well as on ‘

Lneir alloys, 18 Civen dn Pailes 2 and 2 and in digures 2 and 2. In |
i
potenvials are . Aven Ln prelation to the :

all ceses the values O s1c]
povential of & normal calomel electrode. 1n ordsr Lo corvert these
fisures bto the hydrogen scale one must subtract 0,20 V from the

Tapble Vil UeS.

Table 3 i

SED BL-CUHPOLENE

L

: PRACIPITAYES OF VETALS .
e iR, 300
KOH, (RNl Ui, 20 i

AWD 22Puk

» L
‘, 1) 2] 3] L] 5] ;
D flectrolyte Blectrolyte

m/ cn? in HQSOM 22 percent KOH I mh lg I {
7',

la] [©] el [a]

1250 wF 950 }(.F noe - F 1320» r

0.25 - 0,510  1.20L 1.21L 0.75  =0.125 ;
|
0.50 - 0.530  1.276 1.2L6 1.50 - +0.176

1,00 0.333 0.72h  1.300 1.287 3,00 0.L7T
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0.1l 0,830
0,123 0,843
0.3 0.852
0,437 0.858
0.hh42 0.865
0.L4L8 0.072
0.452 0.876 N 1.385
0.L57 0,86 1.0

0.Lé1 88l 1.he 1,20k

0.L67 0.8838 1.L2k 1.297

0.471 0.8¢2 129 1.LoL
0.473 0.80L 3 1,106

0.896 3 1,110

0.90% 1,455 1.L2k
0.913 1,436
0.920 1.447

0.923

Txemining the data in the tables we see that in all cases
the hydrogen separation potential on dispersed mebels and their alloys
is considerably lower than on compact metals. Thus, for instance, the
followingz values, obtained from Table 2,. show that the difference bet-

ween the hydrogen separation potentials on compact and dispersed silver,

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080024-6
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L H2mT, GUCe.

p
when D=L00mA/ cmz , is of 10GmvV, on nickel catinodes !

lecurode watericl P e

Aw, = comp"Edisp when
0,552 0,105 0.221 0.L06 0.h52 0,100 0,270

D=1004/ cmZ

Tncrease in surface

— 35 L5 20 10 16

2 . Q
Sqigpt “comp

i the fact thal the drop in polari-~

gspecinlly interstd

zation during pasa e to dispersed p‘x,':acili»i'ba‘bes is slumost in every
v than would e true if orly the dron

instance significantly Wi

in the current density wewe considered. In I 1ity, Let us SUPROSE,

that the relbion of M ©o D, in e;c-::ox'd,ar.ce with the retarded

discharge Lheory, is subject bo the eovation: m= o, +0.216 g D. :
. . t

Then, Lor tne nickel cathode, Lor justance, Uhe diiierence
s must equal:

of Hy superibension o dispersed and compact electrads

| =0.116 1g 20
)?t-T)d 6 lg ¢

al difference is Ye - nd =042V, or appro: whely

while the achi

Lhree times more.

Ho Separation potentials on smooth and Dispersed Metals in 1 1. HoS0), ‘

22 percent KOE (7e).

) Ty (3) bend

—~
i
~
el
o
<
=]
S
—
™~

-= Ty Heteis:

(8) Agos (9) Nj.g; (10) Snpt

() D mA/cmZ; Noscissa Axis
5 (5) Cups (6) Pbos (1) Cugs

(L) cu g,
(13) Blos (1L) sny; (15) Fe

Cuy s (11) Snn;‘ (12) Blys

o (16) e+l

(18) Feye
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A similar regularityis obsewved for Ag, Pt, Sn, sxd other

metals,

:
5
Thue a change from compact to dispersed cathodes leads %

to a drop in supertension not only because of an increase in the
i { . !

g i actual electlrode suw , bub, in a number oif ca » Principally f

vecause of an increase in the dischar e speed constant., The lat-
ter is in yood accord with the heijntened ciinmical acuvivity of a

series of electrolytic powdsis in purely chemilcal 1

Leulons. |

in quanvity of a more eleciropositive mstel en- i

When a cer

H

ters into che dispersed precipitate (bi-component system), the drop ;

: in supertension iz still more icant, for instance, in chang- 1
: ing from compact to dispersed copper, the drop of the hydroen sepa- 2

! ration potential is:

B W e T L =000 — 660 =3
Lcomp. cu E oo, Cuh 5 =900 —560=3L0

/. :
i

The values oi the potential correspond to the straisht lines

™

in the semi-lo

ithmic system of coordirates & — 1lgl, and the va-

=

lues of the coefficient b

Tormula (7 =a--blgD) for a

series of smooth metals are close To the data o. Pechersiaya and

Stender, piving an averaze of 0,10-0.12. ‘he valuss of

cient b for smooth (compact) Wi, Cu have bean found

what higher (Yable L),

See page 13 for Tavle L
3

for the majority of dispersed metals, the value of the coe-

fficient b is less than 0,10, This agrees well with the data of
various authors who think that like retarded discharge supertension

| may largely be determined by other "stages! of hydro en separatiorn,
i

in particuler, by the retarded state of the

process of recombination

of the hydrozen atoms.

. Declassified in Part - Sani ed Copy Approved for Release 2012/05/07 - CIA-RDP82-00039R000200080024-6
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Table L

VALULS O IO kL w L0

BLIT

Wlectrode Mat Jicient

The sx
ployment of electrolytic coating ol

and their alloys opens prospects rlor

cases up to 0.LV and more) in cathode povential

Cesses,
electrolysis oi water, ond others,
the consumption

the cost of the

Approved for Release 2012/05/07

serimental mat-rial hore presented

catiwodes by dispersed me

This fact will consi

IA-RDP82-00039R000200080024-6

THE HY ik SUPSRUBLSTON

LY

flectrode Material

e qlu

feNL

v
A

0.09L5

suows thav the en-

Lals

a sincilicant drop (in certain

strial pro-

for example diring the electrolytic prodaction of chlorine,

raivly lower

of electric power and, consequently, will reduce

Relation E-~~1z1 for H2 Separation, ‘ne value Eequilib is given

for the se

calomel electrode),

1sy 1 -~ FetCu; 2 -- T'e;

7 -

0 —= Ag; 10 -= Pi;

ed Copy Approved for Release 2012/05/07

aration of H2 Lrom 1 n, H?Sou (0.29V in relation to a

B o-- T(in mA); A

11

e= E(in mV); V == 1g1; G ~-

-8

3 -~ Sn+Cu;

7
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CORCLUST ONS

(L) we studied the supertension of hydrozen in 1 n, solution

RS
and ©

persed electrolytic

i oL HZSOM and 29 percent KOH on cor

precipitates of P, ag, Cu, i, $n, Wi and se and also on i ~com-

L ponent metailic systems (Cu-ags; Sn-Cuj Pe=lfd).

(2) We showed the possibility of lowering the supertension
by more toan 0,4V by uslng certein nowdery ele cbrolytically obtained, ;

electrodes,

(3) de sstablished that the drop of supertension occurs not

) 25

only wecause of the lowerinz. ol the notwrl current density in rela-

tion to the incieuse in the actual surface of the cathode, but also
J

har;e

(]

value of the dis

sat measure because of the srowth in the

in

speed constant of hydrogen ions.

P
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